P rimary sclerosing cholangitis (PSC) is a chronic idiopathic inflammatory disorder involving the intra-and extrahepatic biliary ducts whereby biliary cirrhosis and portal hypertension lead to liver-related death in nearly half of affected patients.
and these same agents also may have a role in the management of inflammatory bowel disease (IBD). The aims of this study were to examine the effects of immunosuppression following LT on IBD activity and to identify markers of IBD control post-LT in patients with IBD who underwent LT for primary sclerosing cholangitis (PSC). A retrospective analysis of all adult patients with a pre-LT diagnosis of IBD who underwent LT for PSC over a 15-year period was performed. The primary outcome was IBD activity based on symptomatology and endoscopic assessment. Secondary outcomes included recipient mortality and post-LT development of colorectal cancer or small bowel lymphoma. A total of 105 patients underwent LT for PSC, and IBD was diagnosed in 27 (26%) pre-LT. Patients were followed for a mean of 88.5 months.
Fourteen (52%) patients had stable IBD, 6 (22%) had worsening disease, and 7 (26%) had clinical improvement after LT. Colorectal cancer developed in 2 (7%) patients, and small bowel lymphoma developed in 1 (4%) patient. The absence of additional maintenance therapy for IBD was found to be associated with good outcome for IBD control. The use of either infliximab (Remicade, Janssen Biotech) or corticosteroids to control IBD post-LT was associated with poor outcome. Most patients with PSC and IBD had a stable course of IBD post-LT. The need for infliximab or additional or prolonged corticosteroids after LT appears to be a surrogate marker of aggressive disease. P rimary sclerosing cholangitis (PSC) is a chronic idiopathic inflammatory disorder involving the intra-and extrahepatic biliary ducts whereby biliary cirrhosis and portal hypertension lead to liver-related death in nearly half of affected patients. 1 Patients with PSC have a higher risk of development of certain
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effect on IBD. However, data on this subject are conflicting and limited. 22 For instance, in 1991, a survey of 22 patients with prior LT for PSC found that 92% of respondents reported a stable course. 23 Comparable results were reported by Miki and colleagues, in which poor control of IBD was reported in 9 (35%) of 26 patients who received LT for PSC. 3 Similarly, Befeler and colleagues reported that 49% of patients with IBD had a quiescent course post-LT for PSC. 24 In contrast, a series from Royal Free Hospital estimated that an aggressive course of IBD post-LT in roughly half of recipients with PSC and UC overlap. 25 Likewise, a Dutch study reported a worsened IBD course in the majority of LT recipients with a history of PSC/UC overlap and also demonstrated a 28% malignancy rate post-LT. 26 Ho and colleagues also concluded that IBD follows an aggressive clinical course post-LT for PSC with more relapses, corticosteroid dependency, and a 19% rate of malignancy. 27 The observational studies on IBD post-LT are universally small, single-centered, and retrospective in design. As such, additional observational data may be useful in clarifying the effect of immunosuppression for prevention of rejection in patients with IBD who undergo LT for PSC.
The principal objective of this study was to determine the effect of immunosuppression on the post-LT course of IBD. The secondary objective was to identify predictors of IBD control among patients with a history of PSC/IBD overlap and primary LT.
Methods

Patient Population
Using the Liver Transplant Database in the Multi-Organ Transplant Unit of the London Health Sciences Centre at the University of Western Ontario, all patients age 18 years or older who underwent primary LT between January 1997 and January 2012 for PSC were identified. Patients with a pre-LT diagnosis of IBD were isolated by manually reviewing the organ transplant archives. Patients with a diagnosis of IBD made post-LT were excluded.
Data Collection
Following approval by the Institutional Review Board at the University of Western Ontario, baseline clinical and demographic data were collected on each patient using hospital records. Verification of the diagnosis of IBD was performed by review of endoscopy and pathology reports. As part of the transplant assessment protocol, all patients scheduled for LT at the university's Multi-Organ Transplant Unit receive a screening colonoscopy within 1 year of transplantation to rule out CRC. All colonoscopy and pathology reports of patients entered into the study were reviewed. The medical therapies used for IBD were recorded. Disease activity was classified based on a preset malignancies, including cholangiocarcinoma 2 and, in the presence of inflammatory bowel disease (IBD), colorectal cancer (CRC). 3 The only proven treatment for advanced PSC that offers a survival benefit is liver transplantation (LT). 4, 5 Following LT, patients receive immunosuppressant agents, typically as a triple-drug combination of a calcineurin inhibitor, an antimetabolite, and a tapering corticosteroid to prevent graft rejection. To a large extent, immunosuppression regimens in the LT recipient are nonstandardized, and there is broad practice variability and limited prospective data on which to extract evidence-based guidelines. Generally speaking, as the liver is a tolerogenic organ, recipients require relatively little immunosuppression compared with that needed by other solid-organ or multi-organ transplant recipients. 6 In the present era of LT, many transplantologists aim for corticosteroid-free immunosuppression, particularly beyond 3 months when the risk of acute cellular rejection diminishes. [7] [8] [9] In the past 2 decades, most LT recipients have received tacrolimus alone or tacrolimus in combination with mycophenolate mofetil (MMF) for long-term immunosuppression. These agents are used in lieu of cyclosporine and azathioprine combinations because of their improved potency and adverse effect profiles. 10 The PSC/IBD overlap is common, with some population-based studies reporting PSC prevalence to be 2.4-4.0% in patients with ulcerative colitis (UC) and 1.4-3.4% in patients with Crohn's disease (CD). Conversely, 70-80% of patients with PSC have underlying IBD. [11] [12] [13] [14] As an immune-mediated disease, IBD may respond to immunosuppressants received after LT. It is well established that the PSC/IBD phenotype is a unique form of IBD. [15] [16] [17] [18] UC in patients with PSC is usually associated with extensive colitis, backwash ileitis, rectal sparing, a quiescent disease course, recurrent pouchitis following subtotal colectomy, and higher risk of CRC. 17, 19, 20 In contrast, there is some discrepancy in the literature on the strength of the association between PSC and CD. For instance, Rasmussen and colleagues found that, in a series of 262 patients with CD, just 10% had overlapping PSC. 12 However, a recent Canadian population-based study reported an equal risk of development of PSC in patients with UC and CD. 21 This latter observation has not been replicated in other epidemiologic studies.
Despite the strong associations between PSC and IBD to date, there are limited observational data on the natural history of IBD after LT for PSC. The standard medical treatment for colonic IBD includes 5-aminosalicylic acid (5-ASA), corticosteroids, and antimetabolites (ie, azathioprine). Given that some of these categories of medications are used following LT, it is a reasonable hypothesis that antirejection drugs could have an unintended therapeutic
scoring system that mirrors validated scoring systems and captures symptoms and histology (Table 1) .
Active disease was defined as symptoms compatible with IBD within 3 months of LT confirmed by any evidence of active disease detected endoscopically or the need for systemic corticosteroids specifically for IBD control within 1 year of LT. Active post-LT disease was defined as symptoms compatible with IBD confirmed by both endoscopic and pathologic evaluation and/or the need for systemic corticosteroids for disease control and/or the addition of another therapeutic agent or an increase in the dose of a therapeutic agent being used for disease control. Stable disease was defined as having a 3-month, symptom-free period with a 1-year, steroidfree follow-up.
All patients received regular follow-up after LT. Follow-up intervals were dictated by overall clinical status, and in cases in which patients lived remotely, followup notes from their primary providers were obtained routinely and reviewed. The need for colectomy and the development of both CRC and small bowel lymphoma were recorded using patient records. Death certificates, autopsy reports, and/or patient charts were reviewed to identify cause of death where applicable. In patients who underwent multiple LTs, the first LT was used as an index for comparing IBD disease activity before and after LT. Patients whose disease activity worsened after LT were compared with those with stable or improved disease activity to identify predictors of worsening activity. The use of corticosteroids for IBD control beyond what is expected for graft preservation was considered as active disease. Although we acknowledge that colitis flares can certainly occur beyond 3 months after LT, it was decided, a priori, that an assessment at 3 months would minimize any loss to follow-up, as all LT recipients receive a clinical follow-up visit at this juncture.
Statistical Analysis
Differences between groups were analyzed using the unpaired t-test for continuous variables and by the Chi test or continuity correction method for categorical variables. All statistical tests were 2-sided, and differences were considered significant when P<.05. Statistical analyses were performed using STATA version 10.0 software (STATA Corp., College Station, Texas).
Outcome Measures
The primary endpoint was IBD disease activity post-LT. This was classified as stable, improved, or worsened depending on the presence or absence of change in disease activity before and after LT, as per previously defined criteria. Secondary endpoints included rates of post-LT colectomy, CRC, and small bowel lymphoma.
Results
A total of 979 patients underwent 1,039 LTs between January 1997 and January 2012. LTs for PSC were performed in 105 (10%) patients. Of these 105 patients, 28 (27%) had concomitant IBD (17 cases of UC and 11 cases of colonic CD). One patient received a diagnosis of de novo CD post-LT and was, therefore, excluded from the analysis. The diagnosis changed post-LT from UC to CD in 2 patients. The majority of patients were men (76%). The mean age at the time of LT was 44.7 years (standard deviation [SD], 13.2; range, 11-65). The mean length of follow-up post-LT was 88.5 months (SD, 59.1; range, 13-239). 
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The majority of patients were maintained on MMF and tacrolimus post-LT (19/27, 70%). Fourteen (52%) patients had stable disease post-LT with no change in IBD control between pre-and post-LT. IBD worsened in 6 (22%) patients post-LT, requiring corticosteroid therapy, dose escalation of medications for IBD, or the addition of new medications for better control of IBD. Seven (26%) patients showed clinical improvement in IBD post-LT (Table 2) . Four patients had a pelvic ileo-anal pouch constructed pre-LT. Two of these patients had stable disease post-LT, and 2 had worsening of disease with recurrent antibiotic-refractory pouchitis. No patients needed colectomy post-LT for uncontrolled IBD. Recurrent PSC in the hepatic graft developed in 3 (11%) patients. CRC requiring colectomy during follow-up post-LT developed in 2 patients. One patient presented with bowel obstruction during follow-up and received a diagnosis of small bowel post-transplant lymphoma. One patient died during follow-up from chronic rejection of the hepatic allograft.
Analysis revealed that being off any additional maintenance therapy apart from the antirejection immunosuppression regimen was associated with stable or improved disease post-LT (P=.033). Worsening of IBD control post-LT was associated with the use of infliximab (Remicade, Janssen Biotech; P=.006) or additional corticosteroids (P=.006) to control IBD symptoms post-LT. None of the patients requiring corticosteroids or infliximab post-LT for IBD control had active disease pre-LT. There was a trend toward but no statistical significance in predicting good outcome with the use of 5-ASA as maintenance therapy before LT (P=.081) or the use of cyclosporine alone or cyclosporine/MMF post-LT (P=.056). Additionally, there was no statistical significance in predicting poor outcome with the use of combination cyclosporine and infliximab as a maintenance regimen to control IBD post-LT (P=.056; Table 3 ). Furthermore, a comparison made between patients with stable or improved IBD post-LT and patients with worse IBD post-LT depending on the time of diagnosis of PSC or IBD, whichever occurred first, did not yield any statistically significant results (P=.23 for time to diagnosis of IBD on t-test and P=.239 on univariate logistic regression; P=.516 for time to diagnosis of PSC on t-test and P=.503 on univariate logistic regression).
Discussion
The results of this study suggest that, for most patients, IBD follows a benign course following LT for PSC, and less than one third of patients had more aggressive disease after LT. As discussed, previous retrospective studies have shown conflicting data on the natural history of IBD in patients undergoing LT for PSC (Table 4 ). An analysis of the published literature suggests that maintenance immunosuppressive regimens, consisting of a combination of prednisone, cyclosporine, and azathioprine as described in older studies, were associated with improvement in UC following LT in the majority of recipients, 24 but the overall poor quality of evidence in the published literature prohibits definitive confirmation of the superiority of these regimens. A recently published article by Navaneethan and colleagues reported that a large series of patients with UC who underwent LT for PSC have a predominantly quiescent disease course post-LT with immunosuppressive regimens very similar to those reported in our study. 28 It is reasonable to assume that standard immunosuppression post-LT may be sufficient to maintain remission in patients with IBD. This hypothesis would arise from our knowledge of the molecular basis of immunosuppression to prevent graft rejection and control IBD, where T-cell inhibition and subsequent inflammatory cytokine suppression is targeted in both instances. 29, 30 Most agents used for post-LT immunosuppression have been extensively studied in IBD for both induction and maintenance of remission. The majority of these agents have been found to be effective in inducing, rather than maintaining, remission. 31 Corticosteroids, although key in controlling inflammation and effective in induction of remission in patients with IBD, are typically avoided IBD=inflammatory bowel disease; LT=liver transplantation; PSC=primary sclerosing cholangitis; SD=standard deviation. in long-term management because of their deleterious adverse effect profile. 32 Cyclosporine, one of the earlier agents used for post-LT treatment, has been studied in IBD. There is weak evidence that cyclosporine is effective in inducing remission, 33, 34 but it has not proven useful for maintenance of remission in IBD. 35 Azathioprine, on the other hand, is known to be an effective treatment for maintenance of 5-ASA=5-aminosalicylic acid; CD=Crohn's disease; IBD=inflammatory bowel disease; LT=liver transplantation; UC=ulcerative colitis; UDC=undetermined colitis.
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remission in IBD. 36, 37 Even though some evidence supports the use of tacrolimus in induction of remission for both UC and fistulizing CD, 38, 39 no studies support its use in maintaining remission in either disease. The same findings were reported with MMF, where there is some benefit in induction of remission in UC and CD but none for maintenance. 40, 41 No randomized controlled trials examining the use of sirolimus in IBD exist, and, therefore, it is not clear what the overall role of this agent may be in maintaining remission in IBD. 42 Recent reports of an aggressive UC course post-LT in patients despite maximal immunosuppression raises the possibility that the aggressive course of UC post-LT may be caused by the shifting of immunosuppressant regimens to newer ones that have weaker evidence regarding their ability to maintain remission in IBD. 43, 44 However, our results did not support this theory.
It is well known that patients with PSC and UC are at an increased risk for development of CRC after LT. [45] [46] [47] [48] Previous studies have reported a nearly 4-fold increased risk of colon malignancy in patients with PSC and IBD post-LT compared with nontransplantation patients with UC with a similar duration of follow-up. 19, 20 This is one of the major causes of mortality in patients with PSC and UC undergoing LT. 49 Therefore, it is recommended that patients with PSC/IBD undergo close colonic surveillance post-LT. 50 Alternatively, performing a colectomy with pelvic pouch ileo-anal anastomosis in patients with UC post-LT is also thought to be a safe option. 51 Our study population, notably, did not experience a large number of post-LT colonic cancers despite a long follow-up period.
The literature is not as ambiguous when it comes to the outcome of post-LT pelvic pouches, as it is almost uniformly thought that patients with UC who undergo proctocolectomy with pelvic ileal pouch-anal anastomosis before LT generally do well, with chronic antibioticrefractory pouchitis developing in a subset of patients. [52] [53] [54] All 5 of the patients with a pelvic pouch in our study did well post-LT with no development of pouchitis.
Recurrent PSC has been reported to affect up to 20% of patients undergoing LT for PSC. 45, 55 This is a major concern, as recurrence of PSC can alter long-term graft function and patient survival. 56 A PSC recurrence rate of 11% was noted in our series, but there was no correlation between PSC recurrence and aggressive IBD.
This study identified predictors of IBD outcome post-LT. Not requiring IBD maintenance therapy post-LT was found to be statistically significantly associated with a good outcome (stable or improved disease). This could be a reflection of previously controlled disease activity or a response to the standard immunosuppression regimen used to prevent graft rejection. Similarly, the only marker associated with poor IBD outcome-the use of either corticosteroids or infliximab post-LT to control IBD-probably represents a surrogate marker of aggressive disease. The small sample size of the present study should be considered while interpreting these results, as findings regarding corticosteroid or infliximab use post-LT could be a result of a type 1 statistical error.
The strengths of the study presented herein lay in close and lengthy follow-up and use of strict endoscopic and histologic criteria to define outcomes. This study, however, is limited by the retrospective nature of data collection in addition to a small sample size. Furthermore, we acknowledge the lack of standardization for assessment of IBD severity and the potential for interobserver variability in the reporting of colonoscopic or pathologic findings as potential limitations. Nevertheless, the present study offers a useful contribution to the growing knowledge on the natural history of post-LT IBD. Our findings suggest the need for prospective multicenter studies to better define the natural history of post-LT IBD and to identify more clinically relevant predictors of aggressive IBD.
In conclusion, our results suggest that the majority of patients with IBD and PSC undergoing LT have a stable disease course post-LT.
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